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Pmprovements in Cardiac Form and Function After
ranscatheter Closure of Secundum Atrial Septal Defects
mid Salehian, MD, MSC, FRCPC,* Eric Horlick, MD, FRCPC,*
arkus Schwerzmann, MD,* Kim Haberer, BART, SC, MA,* Peter McLaughlin, MD, FRCPC,*
amuel C. Siu, MD, SM, FRCPC, FACC,*† Gary Webb, MD, FRCPC, FACC,*
udith Therrien, MD, FRCPC,*‡
oronto and Montreal, Canada
OBJECTIVES We set out to study the effect of transcatheter closure of atrial septal defect (ASD) on right
ventricular (RV) and left ventricular (LV) function assessed by myocardial performance index
(MPI), as well as left atrial (LA) volumes.
BACKGROUND The hemodynamic response to the closure of ASD is well-documented in surgically treated
patients. However, few studies have documented echocardiographic evaluation of ventricular
function in patients undergoing transcatheter closure of ASDs.
METHODS Pre- and post-ASD device closure echocardiograms of 25 consecutive patients were
retrospectively reviewed. Measurements of RV and LV MPI and LA volumes were made.
RESULTS Twenty-five patients with an average age of 45.5  16.3 years underwent transcatheter
closure of ASD. There was statistically significant improvement in RV MPI (0.35 to 0.28,
p  0.004), LV MPI (0.37 to 0.31, p  0.04), and LA volume index (25.7 to 21.8 ml/m2,
p  0.001) after closure of ASD.
CONCLUSIONS Device closure of ASDs leads to improvement of both RV and LV function as well as
reduction in LA volume. These hemodynamic improvements provide insights into the
symptomatic benefits gained in closure of ASDs using the transcatheter approach. (J Am
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.10.052Coll Cardiol 2005;45:499–504) © 2005 by the American College of Cardiology Foundation
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1trial septal defects (ASDs) account for approximately 10%
f all congenital heart lesions (1) and can sometimes result
n the development of pulmonary hypertension, atrial ar-
hythmias, and right heart decompensation (2). Although
urgical closure of ASDs has been the mainstay of treat-
ent, and although both medium- and long-term studies
how excellent results (3), there remains significant morbid-
ty and mortality associated with surgical repair (4). Trans-
atheter closure of isolated secundum ASDs has been
stablished as a treatment alternative to surgical closure (5).
lthough there are a number of short-term studies report-
ng its utility (6), no data are currently available on its
ong-term benefit.
Studies have shown hemodynamic and functional im-
rovement in right ventricular (RV) function after both
urgical and device closure of ASDs (7,8). However, there is
paucity of data assessing left ventricular (LV) function
fter closure of ASDs. Myocardial performance index
MPI) was initially described by Tei et al. (9) as a measure
f combined LV systolic and diastolic function. Although
PI has been used to study patients with congenital heart
isease, the effect of transcatheter closure of ASD on LV
PI and RV MPI has not been studied to date.
From the *Toronto Congenital Center for Adults and Echocardiography Labora-
ory, †Division of Cardiology, Department of Medicine, University of Toronto,
oronto, Ontario, Canada; and ‡Adult Congenital Heart Center, Division of
ardiology, Department of Medicine, Sir MB Davis Jewish General Hospital,
cGill University, Montreal, Quebec, Canada. Dr. Schwerzmann was supported by
grant from the Swiss National Science Foundation.l
Manuscript received July 29, 2004; revised manuscript received October 16, 2004,
ccepted October 25, 2004.It is generally agreed that surgical closure of ASDs in
dulthood is associated with significant mortality benefit;
owever, there is limited benefit when it comes to preven-
ion of atrial arrhythmias (2). An increase in left atrial (LA)
iameters predicts the development of atrial fibrillation,
troke, and death (10). Currently, no data exist on LA
olumes in patients with ASD and the effect of closure on
hese volumes.
The goals of this study were: 1) to assess the effect of
ranscatheter closure of ASDs on RV and LV function; and
) to study the effect of ASD closure on LA and LV
olumes.
ETHODS
opulation. After approval from the institutional research
thics board, adult patients who had undergone transcath-
ter closure of secundum ASDs between June 1, 2002, and
une 1, 2003, were identified from the Toronto Congenital
ardiac Center for Adults database. Patients were excluded
f they were clinically unstable, were not in sinus rhythm at
he time of either echocardiographic examination, or had
nadequate echocardiographic assessment. Demographic in-
ormation, clinical status, and the size of device implanted
ere collected from the medical records.
The Amplazer septal occluder (AGA Corp., Golden
alley, Minnesota) was used for ASD closure as previously
escribed (11). The device size chosen was either 2 mm or
0% greater than the stretched diameter size, whichever was
arger.
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Cardiac Function After Device Closure of ASD February 15, 2005:499–504chocardiography. Echocardiographic studies were per-
ormed in the standard manner using commercially available
ystems. Doppler recordings of LV and RV inflows (interval a)
nd outflows (interval b) were used for the calculation of MPI
or each ventricle (9) (Fig. 1). Measurements were made on
our consecutive beats, and MPI was calculated from the
verage values as per the formula: MPI  (a  b)/b.
Abbreviations and Acronyms
ASD  atrial septal defect
EF  ejection fraction
IVRT  isovolumic relaxation time
LA  left atrial/atrium
LAVI  left atrial volume index
LV  left ventricle/ventricular
LVEDD  left ventricular end-diastolic diameter
LVESD  left ventricular end-systolic diameter
MPI  myocardial performance index
RV  right ventricle/ventricular
igure 1. Spectral Doppler recordings of tricuspid regurgitation jet (A), ri
n a patient with previous device closure of a secundum atrial septal defect.
he right and left ventricle as per the formula: MPI (a b)/b. bpm beats/min
oppler.Left ventricular volumes were determined using the
eicholz method (12). Left ventricular ejection fraction
EF) was estimated using the Quinones method (13); LA
olumes were estimated using a length-diameter ellipsoid
ethod (14) (Fig. 2) and were indexed to body surface area,
nd left atrial volume index (LAVI) was reported for each
atient. Echocardiograms were examined by the primary
eader (O.S.) who was blinded to the clinical information.
eproducibility. Intraobserver variability was assessed in a
andomly selected subset of 10 patients by repeating all
easurements on a separate occasion. To test the interob-
erver variability, all measurements were performed offline
y a second observer (M.S.) who was blinded to the clinical
ata as well as the results of the initial echocardiographic
xamination.
tatistical analysis. All statistical analyses were done using
PSS 12.0 (SPSS Inc., Chicago, Illinois). Data are ex-
ressed as mean values  SD. Comparisons between pre-
nd post-device closure data were made using Wilcoxon
entricular outflow (B), mitral inflow (C), and left ventricular outflow (D)
vals a and b are used to calculate myocardial performance index (MPI) forght v
Inter; CW continuous-wave Doppler; HR heart rate; PW pulsed-wave
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February 15, 2005:499–504 Cardiac Function After Device Closure of ASDigned-rank test. A p value of 0.05 was considered to be
tatistically significant. A Spearman correlation was used to
etermine the relationship between RV MPI and LV MPI.
ntra- and interobserver variability were calculated as mean
ercentage error, derived from the difference between the
wo sets of measurements, divided by the mean observation.
ESULTS
emographics. Demographic data are shown in Table 1.
total of 30 patients were identified. Five patients were
igure 2. Two-dimensional echocardiograms from parasternal long-axis
A), short-axis (B), and apical four-chamber (C) views at ventricular
nd-systole, displaying the measurements required for estimation of left
trial volume (LAV) using the length-diameter ellipsoid method. bpm 
eats per minute; D1  left atrial (LA) anteroposterior; D2  LA
edial-lateral diameter; HR  heart rate; L  LA long-axis length.xcluded (four had inadequate echocardiograms, and one 5atient was in atrial fibrillation). The remaining 25 patients
28% male) had an average age of 45.5  16.3 years (range
0 to 79 years) at the time of ASD closure. All patients had
uccessful deployment of their device, and no significant
esidual leak immediately after closure.
chocardiographic findings. The average time interval
etween transcatheter closure and echocardiographic exam-
nation was 94.8  73.5 days (range 8 to 270 days).
chocardiographic data are presented in Table 2. The
verage RV systolic pressure decreased from 40.3 6.2 mm
g to 31.0  5.3 mm Hg after device closure, a decrease of
3.1% (p  0.0001). The LV end-diastolic diameter
LVEDD) increased from 41.5  6.7 mm to 44.6  5.1
m, an increase of 7.5% (p  0.004). There was a
on-significant increase in left ventricular end-systolic di-
meter (LVESD) (27.2  6.5 mm to 28.7  5.2 mm, p 
.15). The LV end-diastolic volume increased from 79.2 
1.4 ml to 92.1  24.7 ml, an increase of 16.3% (p 
.007). The LV end-systolic volume showed a non-
ignificant increase from 30.1  18.8 ml to 31.5  13 ml (p
0.1). The LV EF showed an increase from 62.9  11.1%
o 65.8  8.0%, which was not statistically significant (p 
.38).
The RV MPI showed an improvement from 0.35  0.14
o 0.28  0.09 (Fig. 3), a 20% change (p  0.004) after
losure. The LV MPI also showed an improvement from
.37 0.12 to 0.31 0.11, a 16.2% change (p 0.04) after
losure (Fig. 3). There was a positive correlation between
he RV and LV MPIs before device closure (r  0.47, p 
.02). After closure there was no significant correlation
etween LV and RV MPIs (r  0.12, p  0.6).
Left atrial volume index decreased from 25.7  8.0
l/m2 to 21.8  6.6 ml/m2 after transcatheter closure (Fig.
), a decrease of 15.2% (p  0.0001). All three parameters
sed to calculate the LA volume by the length-diameter
llipsoid method showed statistically significant reductions
f 3.9% to 6.5% after device closure (Table 2).
ntra- and interobserver variability. For RV MPI mea-
urements, the intraobserver variability was 4.1 3.3%, and
he interobserver variability was 5.9  3.3%. For LV MPI,
he intraobserver variability was 4.8  2.8%, and the
nterobserver variability was 7.3  4.6%. For measurements
f LA volume, the intraobserver variability was 10.1 
able 1. Demographics and Clinical Data
otal patients 25
emale (%) 18 (72%)
ge at time of device closure of ASD (yrs) 45.5  16.3
ody surface area (m2) 1.63  0.51
YHA functional class
I 11 (44%)
II 12 (48%)
III 2 (8%)
tretch balloon size (mm) 21.1  6.4
SD device size (mm) 23.8  6.4
SD  atrial septal defect; NYHA  New York Heart Association..0%, and the interobserver variability was 13.6  4.0%.
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Cardiac Function After Device Closure of ASD February 15, 2005:499–504ISCUSSION
ur study is the first to demonstrate that transcatheter
losure of secundum ASD is associated with improvement
f both RV and LV functions as assessed by MPI. We also
howed a decrease in LA volumes after transcatheter closure
f ASD.
V MPI. Studies have reported an average value for RV
PI in the normal adult population between 0.26 to 0.28
15). Our population had an abnormally high pre-closure
V MPI of 0.35  0.14, reflecting a worse RV function.
owever, after closure there was a 20% improvement in the
V MPI into the normal range with a value of 0.28 0.09.
ur intra- and interobserver variability for RV MPI was 4.1
3.3% and 5.9  3.3%, respectively, in keeping with those
eported previously (15).
Eidem et al. (16) reported an average RV MPI of 0.38 
.04 in 40 patients with ASD; 16 of these patients under-
ent surgical closure of their ASD. Postoperative assess-
ent revealed an RV MPI of 0.35  0.03, which was not a
tatistically significant change from the preoperative state.
Table 2. Echocardiographic Data
Parameter
Before Device
Closure
RVSP (mm Hg) 40.3  6.2
LVEDD (mm) 41.5  6.7
LVESD (mm) 27.2  6.5
LV end-diastolic volume (ml) 79.4  31.4
LV end-systolic volume (ml) 30.1  18.8
LV stroke volume (ml) 49.2  22.5
RVMPI 0.35  0.14
LVMPI 0.37  0.12
LAVI (ml/m2) 25.7  8.0
L (cm) 5.42  0.70
D1 (cm) 3.87  0.70
D2 (cm) 4.01  0.45
D1  left atrial diameter from parasternal long-axis view; D
atrial long-axis length; LAVI  left atrial volume index;
diameter; LVESD  left ventricular end-systolic diameter; L
statistically significant; RVMPI  right ventricular myocard
igure 3. Right ventricular (RV) and left ventricular (LV) myocardial
[
d
erformance indexes (mean and 95% confidence intervals [CI]) before (pre)
nd after (post) transcatheter closure of atrial septal defect.he lack of reduction in RV MPI could reflect that surgical
losure of ASD required cardiopulmonary bypass. Some
nvestigators have indicated a potential role of cardiopulmo-
ary bypass in post-surgical RV impairment (7,8). Perhaps
ostoperative RV impairment negates any gain in the RV
unction from ASD closure. Transcatheter closure of ASD
voids this potential problem.
V MPI. This is the first study to report on the effect of
SD closure on LV MPI. The average value for LV MPI in
he normal adult population is in the range of 0.34 to 0.40
17). In this study we show that device closure of ASD was
ssociated with a 16% improvement in the LV MPI from
.37 0.12 to 0.31 0.11 (p 0.04). Although we saw an
mprovement in LV MPI after closure, pre-closure values
ere well within the normal range. Our intra- and interob-
erver variability for LV MPI was 4.8  2.8% and 7.3 
.6%, respectively, in keeping with those reported in pub-
ished data (18).
Two other studies have reported LV MPI in patients
ith ASD. Kim et al. (19) examined LV MPI in RV
olume and pressure overloaded states. The 22 patients with
igure 4. Left atrial volume index (mean and 95% confidence intervals
After Device
Closure p Value Change (%)
31.0  5.3 0.0001 223.1
44.6  5.1 0.004 17.5
28.1  5.2 NS 13.3
92.1  24.7 0.007 116.3
31.5  13 NS 14.6
60.6  3 0.006 123.3
0.28  0.09 0.004 220
0.31  0.11 0.04 216.2
21.8  6.6 0.0001 215.2
5.21  0.71 0.004 23.9
3.67  0.63 0.0004 25.2
3.75  0.43 0.003 26.5
ft atrial diameter from parasternal short-axis view; L  left
left ventricular; LVEDD  left ventricular end-diastolic
 left ventricular myocardial performance index; NS  not
formance index; RVSP  right ventricular systolic pressure.2  le
LV CI]) shown before (pre) and after (post) device closure of atrial septal
efect (ASD).
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February 15, 2005:499–504 Cardiac Function After Device Closure of ASDSD in this study had an average LV MPI value of 0.36 
.03. Cheung et al. (20) in a pediatric population using
issue Doppler imaging, compared LV MPI in 17 normal
ubjects (0.42  0.07), 17 with surgically closed ASD (0.49
0.12) and 17 patients with percutaneously closed ASD
0.40  0.13). Although there was no statistical difference
etween these groups, there was a trend toward benefit
lower LV MPI) with percutaneous closure.
V/LV interaction. One potential explanation for the
mprovement in LV MPI in our study is the influence of
entricular interdependence. We saw significant positive
orrelation between the RV and LV MPI values before
evice closure. A number of studies have indirectly alluded
o this interaction leading to abnormal LV diastolic function
n patients with ASDs (21). Using invasive hemodynamic
ssessment in patients with ASD, Satoh et al. (22) showed
30% prolongation of LV isovolumic relaxation times
IVRT) compared with normal controls. Their data also
howed that impaired LV filling shortened LV ejection time
n this population. The combination of these two processes
ill give an LV MPI value, which would be higher (worse
unction) than normal. After closure of ASD, the volume load
o the RV will decrease and will lead to shortening of LV
VRT, yielding a more normal LV filling. This will result in an
VMPI value that is lower than the pre-closure state.
A volumes. Age at time of ASD closure appears to be the
ost important predictor of development of atrial arrhyth-
ias (2,23). Oliver et al. (24) showed an association
etween LA diameter and development of atrial fibrillation
n patients with ASD whether or not they had undergone
urgical closure. Du et al. (25) showed a significant decrease
n LA diameter measured by echocardiography from 37 
mm to 30  8 mm at 24 h after device closure, and 27 
mm at 6-month follow-up.
To our knowledge ours is the first study showing a
ignificant reduction in LAVI after transcatheter closure of
SD. The intra- and interobserver variability in the esti-
ates of LA volumes in our study was 10.1  5.0% and
3.6  4.0%, respectively, similar to those reported in
ublished reports in other conditions (26). The decrease in
A volume seen in our study is likely secondary to improved
V filling (22) and, perhaps more importantly, to the
ecrease in LA preload after elimination of the interatrial
hunt. Potential benefit of this reduction in volume is the
ecrease in the risk of development of atrial fibrillation and
ts associated risk of vascular events.
V dimensions and EF. The increase in LVEDD after
losure of ASD seen here is similar to results reported for
oth catheter-based as well as surgical closure of ASDs seen
n other studies (7,25). A recently published study by
iardini et al. (27) showed a similar increase in the
VEDD in patients after device closure of ASD. Further-
ore, their study showed a statistically significant increase
n LV EF and no change in the LVESD. In their study
omparison of pre- and post-closure (six-month) cardiopul-
onary testing showed that the echocardiographic changesfter ASD closure was associated with a 17% increase in
eak oxygen consumption, which was highly significant.
hey also showed a 15% increase in peak oxygen pulse, a
urrogate for stroke volume. In our study we saw an increase
f 23% in stroke volume after device closure. Another recent
tudy by Walker et al. (21) further confirms the previously
tated findings. They found a 17% increase in LV end-
iastolic volumes immediately after device closure of ASDs.
here was no significant change in end-systolic volumes
fter closure. This is very similar to our findings of a 16%
ncrease in LV end-diastolic volume after device closure of
SD. Hence, the clinical improvements seen in patients
fter ASD closure can be explained by the augmentation in
V filling and, consequently, the stroke volume.
tudy limitations. Several potential limitations of this
tudy should be examined. There are variable lengths of
ime between transcatheter closure of ASD and follow-up
chocardiographic examination in our population. Studies
ave shown that the majority of hemodynamic changes have
aken place within three months of ASD closure (6,25), so
ur echocardiographic studies after an average of three
onths after closure likely reflect a fairly complete remod-
ling process. Unfortunately our study did not include
nough patients to perform a meaningful comparison be-
ween an early and late device closure group. Secondly,
lthough MPI is considered to be relatively load-
ndependent, this has been challenged by recent studies
28). The effect of varying loading conditions on MPI in
atients with ASDs is currently not completely understood.
ence, it is possible that different loading conditions in our
atients might have affected the MPI values. Thirdly, the
5% reduction seen in the LAVI, although statistically
ignificant, should be seen in the context of 13.6% interob-
erver variability. However, we believe that the change seen
ere is real because every patient showed a reduction in LA
olume. Finally, this is a retrospective study with a small
umber of patients; a larger prospective study would be
elcome to further assess results seen in our study.
onclusions. Device closure of ASDs leads to improve-
ent of both RV and LV function as well as reduction in
A volume. These hemodynamic improvements provide
nsights into the symptomatic benefits gained in closure of
SDs using the transcatheter approach. Whether a reduc-
ion in LA volume predicts a reduction in probability of
ater arrhythmias in a given patient remains to be
etermined.
eprint requests and correspondence: Dr. Judith Therrien, Sir
B Davis Jewish General Hospital, 3755 Cote Ste. Catherine,
ontreal, Quebec, Canada, H3T 1E2. E-mail: jtherrien@
ardio.jgh.mcgill.ca.
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